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SYSTEM PATH STRESSING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the testing of logic systems 

for use in all types of digital computers, including both 
general purpose and scienti?c computers. More speci? 
cally, the invention relates to a method and apparatus 
for testing the sensitivity of logic systems to AC timing 
variations. 

2. Description of the Prior Art 
The testing of logic subsystems in a computer system 

is a well-developed art, and is important in achieving 
highly reliable computer systems. It is also an important 
diagnostic tool not only for trouble-shooting existing 
computer systems but for examining and understanding 
the operation of logic subsystems with a view toward 
improving the design thereof. It is often desirable to test 
different aspects of logic system operation. For exam 
ple, U.S. Pat. No. 3,659,087 issued on Apr. 25, 1972 to 
Green et a1, and assigned to the same assignee as the 
present application, describes a technique for testing the 
sensitivity of a device under test (DUT) to pulse width. 
U.S. Pat. No. 3,633,174 issued on Jan. 4, 1972 to Grif?n 
tests the sensitivity of a core memory to read strobe 
timing. U.S. Pat. No. 3,814,920 issued on June 4, 1974 to 
Huelters tests a device for logic faults. 
The advent of Level Sensitive Logic Systems 

(LSSD) in digital computers has provided a minimiza 
tion of race conditions, hazards and AC timing depen 
dencies. Functional logic units are made solely depen 
dent on the occurrence of the signals from plural clock 
trains, and this is accomplished by using clocked DC 
latches for all internal storage circuitry. The plural 
clock trains are synchronous and independent, and the 
various sets of latch circuitry are coupled through com 
binational logic to other sets of latches that are con 
trolled by other system clock trains. For a more com 
plete description of level sensitive logic systems, refer 
ence is made to commonly assigned U.S. Pat. Nos. 
3,783,254 issued Jan. 1, 1974 to Eichelberger, and 
4,063,080 issued Dec. 13, 1977 to Eichelberger et a1, and 
the reference cited therein. 
The designers of computer logic have had complete 

?exibility in arranging the timing relationships between 
the plural clock trains. For performance advantages, 
the clock relationships may be highly overlapped, un 
derlapped, or offset by large fractions of the system 
cycle. Each of these implementations creates special 
path timing relationships that must be satis?ed. System 
timing programs have been developed to aid the com 
puter designer in meeting system path length criteria, 
but the independence of the programs to hardware, and 
the ?exibility of the design arrangements, have often led 
to unexpected system timing problems in bring-up, and 
signi?cant complexity in educating the ?eld service 
personnel in diagnostic methods. 
The advance of large scale integration (LS1) has 

further complicated system timing problems. It has 
become impossible to test each circuit for AC parame 
ters such as rise delay, fall delay, rise time, etc. It has 
also become impractical to test for AC parameters at 
the Field Replacement Unit (FRU) level, and the ?rst 
exposure to veri?cation of system timing integrity oc 
curs at the complete system level. The dif?culty of 
timing veri?cation can be better understood by consid 
ering the components involved in a system CPU. A 
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2 
high performance system may average 500 circuits/ 
gates per chip and may contain up to 100 chips per 
FRU. A central processing unit may contain up to nine 
separate FRU’s, and the total number of gates per CPU 
can therefore exceed 400,000. The number of critical 
paths within the CPU will be in the tens of thousands. 
Even a fraction of a percent of path timing errors could 
signi?cantly impact hardware development cycles, and 
degradation of circuit performance in the ?eld could 
also have a signi?cant adverse impact on customer op 
eration. 
With increases in the complexity of logic systems, 

testing techniques have also become more sophisti 
cated. U.S. Pat. No. 4,298,980 issued Nov. 3, 1981 to 
Hajdu et al, U.S. Pat. No. 3,916,306 issued Oct. 28, 1975 
to Patti, and U.S. Pat. No. 3,761,695 issued Sept. 25, 
1973 to Eichelberger, all commonly assigned with the 
present application, teach various techniques for testing 
the integrity of logic systems, i.e. testing for logic faults. 
However, while these testing techniques may detect 
logic hardware faults, there is a need for a better tech 
nique for isolating timing problems. 
With increases in performance and operating speeds 

of computer systems, timing relationships between sys 
tem functions have become more intricate, and the solv 
ing of timing problems has taken a higher priority. U.S. 
Pat. No. 4,058,757 issued Nov. 15, 1977 to Meuhldorf et 
a1 teaches a technique for measuring the switching times 
for a DUT. U.S. Pat. No. 4,144,448 issued Mar. 13, 1979 
'to Pisciotta et a1 discloses a technique for monitoring a 
plurality of clock signals. Maiden et al, “PROGRAM— 
MABLE DIGITAL DELAY TEST CIRCUIT”, IBM 
Technical Disclosure Bulletin, Vol. 24, No. 2, July 
1981, pages 1176-1177, disclose a circuit for testing the 
sensitivity of channel interfaces to timing delays. 
The use of unique timing relationships between plural 

(or multiple) clocks has allowed the computer designer 
the advantage of utilizing all timing techniques to obtain 
the best system path performance. However, the num 
ber of timing problems in both system bring-up and in 
timing failures in the ?eld environment dictate that 
provision must be made for eliminating the dependen 
cies of the past. New logical organizations must be 
utilized in computing systems to take advantage of high 
performance design. Timing dependencies and sensitivi 
ties must be controlled within the multiple clock train 
design. 
Of speci?c interest in complex and high speed logic 

systems is the propagation delay of signals through the 
system. U.S. Pat. No. 3,805,152 issued Apr. 16, 1974 to 
Ebersman et al discloses a testing technique in which 
the output of a DUT is made to oscillate, with the fre 
quency of oscillation representing the propagation de 
lay. U.S. Pat. No. 3,784,907 issued Jan. 8, 1974 to Ei 
chelberger discloses a propagation delay testing tech 
nique wherein a primary system input is changed and, 
after a predetermined time corresponding to an accept 
able propagation delay through the selected path, the 
output of the path is monitored to see if a corresponding 
change has occurred. ' 
The above-cited U.S. Pat. No. 4,063,080 to Eichel 

berger et a1 discloses a technique for propagation delay 
testing wherein inputs are provided to a logic system 
and, at a predetermined time later corresponding to the 
expected operating speed of the system, the output is 
monitored to determine if a corresponding change has 
occurred. 
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Ames et a1, “ACCURATE PROPORTIONAL 
VARIABLE STRESS TESTING HARDWARE 
LOGIC DESIGN USING SOFTWARE SIMULA 
TION”, IBM Technical Disclosure Bulletin, Vol. 20, 
No. 1, June 1977, pages 6-8, disclose a technique for the 
stress testing of hardware logic design. This technique 
simulates propagation delays in order to assist in the 
design of logic systems. 

It would be desirable in high performance computer 
systems to time stress the system logic to determine the 
failure margins, or to trouble-shoot marginal or unstable 
errors. Such a stressing function would be useful in 
engineering bring-up, and in ?eld engineering diagnos 
tics and trouble-shooting. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a method and apparatus for system path stress 
ing which is capable of effectively determining the 
sensitivity of logic systems to timing variations. 

It is a further object of this invention to provide such 
a method and apparatus for testing system short or long 
logic paths in a non-destructive manner without perfor 
mance penalties to system operation. 

It is a still further object of this invention to provide 
such a method and apparatus which will allow a system 
to run in a degraded mode of operation, if required, 

‘ upon failure detection. 
“ Briefly, these and other objects of the invention are 

achieved by the provision of a clock distribution net 
work of simple construction capable of providing clock 
signals at a number of discrete different timings. By 
incrementally adjusting the relative timings of the send 
ing and receiving clock signals, the short and long paths 
can be stressed individually to determine failure mar 
gins or to determine if a particular error is due to a 
system timing problem. 

In contrast to prior art logic testing arrangements, the 
testing arrangement of the present invention is general 
ized and is applicable to all levels of the logic structure. 

..The generalized logic system eliminates the critical 
system AC path timing dependencies encountered in 
bring-up or diagnostics. The long path limit, i.e. the 
maximum amount of combinational logic delay, can be 
expanded or contracted to provide a series of discrete, 
?exible AC timings by the additional logic circuitry. 
Adjustment of the synchronous and independent 

clock train arrival times, regardless of their edge rela 
tionships or clock types, will provide adjustment of the 
path limits. The additional logic circuitry is embedded 
directly within the multiple clock train distributions and 
is controlled by the system maintenance processor. In 
one disclosed embodiment, three levels of discrete set 
tings are provided: medium, coarse and large. The delay 
settings are implemented utilizing differential circuit 
delays, and only late clock train settings are utilized in 
order to ensure no degradation of system performance. 
A decoding of maintenance processor signals selects the 
incremental adjustment. 
The path stressing arrangement according to the 

present invention enables the bring-up, testing or diag 
nosis of a computing system in any environment with 
out constraints of timing problems interrupting func 
tional evaluation. Additionally, computer designers can 
incrementally adjust AC path limits to determine sensi 
tivities to performance, e.g. incrementally stress system 
path X until failure occurs at limit Y. Another advan 
tage is the ability to operate a computing system mar 
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4 
ginally degraded until full repairs can be completed or 
parts obtained. Once a path error is detected, path limits 
can be adjusted to allow system operation, in a de 
graded mode, without functional errors occurring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood with 
reference to the following description in conjunction 
with the accompanying drawings, wherein: 
FIG. 1 is a diagram illustrating one example of a 

common SRL-to-SRL data transfer arrangement; 
FIG. 2 is a more detailed illustration of an SRL in 

FIG. 1; 
FIG. 3 is a more detailed diagram of the internal logic 

of the latch circuitry in FIG. 2; 
FIG. 4 is a timing diagram illustrating the clock rela 

tionships in the SRL-to-SRL system of FIG. 1; 
FIG. 5 is an illustration of a conventional array data 

path; 
FIG. 6 is a timing diagram illustrating the clock rela 

tionships in the SRL-to-array data transfer arrangement 
of FIG. 5; 
FIG. 7 is a generalized timing diagram illustrating the 

data and write clock relationships in a typical array; 
FIG. 8 is an overall diagram of the clock distribution 

network and associated interfaces of the path stressing 
system according to the present invention; 
FIG. 9 is a logic diagram illustrating in one example 

of the system path stressing circuitry of FIG. 8; 
FIG. 10 is a truth table for explaining the operation of 

the logic circuitry of FIG. 9; 
FIGS. 11A-D are wave forms illustrating the relative 

timing of the stressed clock signals in the circuitry of 
FIG. 9; 
FIG. 12 is a block diagram of a further conventional 

system network; 
FIG. 13 is a further example of the system path stress 

ing circuitry of FIG. 8; 
FIG. 14 is a logic diagram illustrating one example of 

the stressing sections 110, 112, and 114 and FIG. 13; 
FIG. 15 is a schematic circuit diagram of one example 

of a NOR gate which may be used in the circuitry of _ 
FIG. 14; 
FIG. 16 is a timing diagram showing the relationship 

between latch and trigger clock signals for a logic data 
path during normal system operation and bring-up op 
eration; and 
FIG. 17 is a timing diagram showing the relationship 

between array and trigger clock signals for an array 
data path during normal system operation and bring-up. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Prior to describing the implementation of the present 
invention, the “short path” and “long path” limits will 
be explained. At the system level, data must move 
through combinational logic paths from one clocked 
storage element to another. Two types of system timing 
requirements are critical, i.e. the short path limit and the 
long path limit, de?ned for both logic and array data 
paths. These limits are the minimum and the maximum 
delays of the data paths between clocked storage ele 
ments. 
FIG. 1 illustrates one example of a typical logic path 

data transfer. At one end of the path is a sending shift 
register latch (SRL) 10 which is controlled by a latch 
clock L1 on line 12 and a trigger clock T1 on line 14, to 
launch or send data into the combinational logic net 
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work 16. A receiving‘SRL l8 captures, or receives, the 
data from the combinational logic network 16 under the 
control of a latch clock L; on line 20 and a trigger clock 
T; on line 22. 
The SRLs 10 and 18 may be arranged as shown in 

more detail in FIG. 3. Each SRL may consist of a latch 
portion 24, receiving input data at a data input terminal 
DI and latching the input data in response to a latch 
clock signal received at terminal L, and a trigger por 
tion 26 that responds to a trigger clock at terminal T to 
launch the data from the data output terminal D0 to the 
combinational logic network 16. The terminals A and B 
are shift control terminals. FIG. 3 illustrates in more 
detail the logic gate arrangement of a polarity-hold type 
latch, including a clock phase splitter comprising an OR 
gate 28 and an OR-INVERT, or NOR, gate 30. For a 
more detailed description of SRL design and operation, 
reference is made to the above-cited US. Pat. No. 
3,783,254 to Eichelberger, the disclosure of which is 
incorporated herein by reference. 
The effect of timing problems on logic data path 

transfer can be more easily understood with reference 
to the timing diagrams of FIG. 4. The long path is de 
?ned as the transfer of data from one cycle to the fol 
lowing cycle, or transfer from cycle N to cycle N+ 1, in 
a period of time less than the machine cycle time. The 
data is launched by the falling edge 32 of the trigger 
clock T1 in cycle N, and is subsequently captured by the 
trailing edge 34 of the receiving latch clock L2 in cycle 
N+1. The leading edge of the trigger and trailing edge 
of the latch are nominally aligned with one another. 

In an ideal long path, the entire cycle would be ?lled 
with machine logic. However, the length of the long 
path is shortened by inherent uncertainties in clock edge 
arrival time, and delays through the SRLs themselves. 
The arrival time uncertainties, or tolerance, are associ 
ated with essentially two factors. First, the variations of 
process, temperature and power supply directly effect 
circuit performance. Since the clock chips are com 
posed of logic circuits that generate and distribute the 
clocks, the chips themselves cause the clock edges to 
have some tolerance. The second factor is wiring varia 
tions, including time of ?ight and characteristic impe 
dance. The clock edges are subject to these variations, 
since all communications are through wires between 
chips. The SRL delay directly affects the long path, 
since it does take a ?nite amount of time to launch data 
out of the sending SRL, and to capture that data at the 
receiving SRL. This delay substracts from the cycle 
time directly, and thus subtracts from the long path 
length. 
The long path limit can be de?ned by the following 

equation: 

where T is the machine cycle time, TCTL is the latest 
tolerance for the sending trigger arrival time, LcTE is 
the earliest tolerance for the receiving latch arrival 
time, TDD is the circuit delay through the sending trig 
ger, LDD is the circuit delay in the receiving latch and 
LFD is the delay through the feedback portion of the 
receiving latch which guarantees that the data is cap 
tured. The terms LDD and LFD added together are gen 
erally referred to as the latch set time. 

If the long path length is greater than the limit de 
?ned in the above equation, data will not be captured in 
the proper cycle, thereby causing incorrect data to be 
propagated from this point forward. The long path 
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6 
de?nes the longest amount of delay which can be per 
mitted through the combinational network 16 while still 
achieving proper data transfer. Thus, it can be seen that 
if the latch trailing edge arrives early and/or the trigger 
leading edge arrives late, the long path limit is short 
ened. This then reduces the amount of logic that can be 
performed in the combinational network, and this is the 
major reason for long path failures. 
The other critical timing consideration for proper 

data transfer is the short path limit. This consideration 
involves data launched by the sending trigger in cycle 
N but, due to either a late sending trigger or an early 
receiving latch, the data is captured by the receiving 
latch in the same cycle N rather than in the desired 
cycle N+ 1. FIG. 4 also shows the timing diagram for a 
short path. Data is launched by the falling edge 32 of the 
sending trigger T1 and is again captured by a trailing 
edge of the receiving latch clock. However, due to the 
early occurrence of the trigger clock T1, or due to the 
late occurrence of the receiving latch clock L2, the data 
is captured at the receiving latch by the trailing edge 36 
of the clock L2, which is one cycle earlier than desired. 
The minimum amount of short path delay can be 

conceptually easily understood from the illustration of 
FIG. 4. The delay through the combinational logic 
must be suf?ciently long such that given the worst case 
of an early trigger clock and a late latch clock, the data 
launched by the trigger in the cycle N will not arrive at 
the receiving latch until after the latch clock signal has 
already occurred in the same cycle N. The minimum 
short path may be de?ned as follows: 

where TCTE is the earliest tolerance of the sending trig 
ger clock arrival time, LCTL is the latest tolerance for 
the receiving latch clock arrival time, and TDD is the 
delay through the sending trigger. If the trigger clock 
leading edge arrives early, and/or the latched trailing 
edge arrives late, the minimum short path length is 
increased. This means that the logic path must be at 
least this length, or longer, to prevent data from being 
captured one cycle too soon, and to guarantee that data 
will be captured in the proper cycle. The delay of the 
sending trigger aids the short path because it is inherent 
in the path design, and the amount of delay therefore 
need not be taken into account in the logic path length 
design. 

Again, the uncertainties of clock edge arrival time 
affect the "long and short path lengths directly. The 
circuit tolerances are due to temperature, power supply 
and process variations, and the wire tolerances are due 
to time of ?ight and characteristic impedance varia 
tions. These tolerances have been minimized in the 
clock design, but have not been eliminated, and thus 
directly affect data path lengths. 
Long path and short path restrictions also apply to 

array data paths, as shown in FIG. 5. In this case, the 
SRL 10 is disposed at one end of the data path and is 
controlled by latch and trigger clock signals on lines 12 
and 14, respectively, as in the case of FIG. 1. At the 
other end of the data path is a clocked array 38 con 
trolled by an array write clock 40, to write the received 
data into the proper address location. The array 38 may, 
for example, be a 4 K RAM chip. 
The speci?c timing for the data transfer in the ar 

rangement of FIG. 5 can be more clearly seen with 
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reference to the timing diagram of FIG. 6. Data is 
launched by the trailing edge 42 of the trigger clock T3 
and is subsequently written into the array 38 at the 
leading edge 44 of the array write clock W. The long 
path is the data path from the leading edge of the send 
ing trigger T3 in cycle N to the leading edge of the array 
write clock W, also in the cycle N. The array write 
clock is normally delayed into the same cycle as the 
sending trigger clock, and the write clock falling transi 
tion allows data to be written into the array. 
The long path limit for the data transfer arrangement 

of FIGS. 5 and 6 may be de?ned by the following equa 
tlOn: 

where T is the machine cycle time, Tan, is the latest 
tolerance for the sending trigger clock arrival time, 
Way-E is the earliest tolerance for the receiving write 
clock arrival time, TDD is the delay of the sending trig 
ger, and TXis the minimum data set-up time of the array 
itself. The minimum data set-up time TX can be under 
stood with reference to FIG. 7, i.e., it is a minimum 
amount of time for which the input data to the array 
must be allowed to stabilize before the clock signal 
becomes active. The trigger delay TDD subtracts from 
the long path because this delay is inherent in the SRL 
design. The minimum data set-up time TXalso subtracts 
from the long path because it must accounted for in 
order for the array to function properly. As indicated 
by the timing diagram of FIG. 6, if the trigger clock 
arrives late and/or the array clock arrives early, the 
long path decreases. The long path delay from the send 
ing SRL to the receiving array must be less than this 
length to guarantee proper data transfer. 
The short path timing limitation for the array in 

volves the launching of data in the cycle N and, because 
the trigger occurs too early or the array write clock 
occurs too late, the data is captured by the array write 
clock of cycle N- 1. Thus, in order to ensure that the 
data is not captured one cycle too early by the array, the 
propagation delay through the combinational logic 16 
must be at least long enough so that, when the worst 
case of an early trigger clock and a late array write 
clock occurs, the data will not arrive at the array until 
after the trailing edge of the array write clock in the 
cycle N- 1. The short path limit may be de?ned by the 
following equation: 

SP; WcTL+ Tar-15+ TY- TDD 

where WCTL is the latest tolerance of the write clock 
arrival time, TcTEis the earliest tolerance of the sending 
trigger clock arrival time, TDD is the delay time through 
the trigger, and TY is the minimum hold time of the 
array. The hold time Tyis illustrated in FIG. 7 as the 
time required for the array clock to stabilize so that the 
newly provided data will not be immediately written 
into the array. The trigger delay TDD subtracts from the 
short path limit because it is inherent in the path and 
does not have to be accounted for in the path length. 
From the timing diagram of FIG. 6 and from the above 
equations, it can be seen that if the leading edge of the 
trigger clock arrives early and/ or the array write clock 
arrives late, the short path limit is increased and the 
combinational path length must re?ect this increased 
short path. 
Thus, the criteria for path length limits to propagate 

valid data are that the data path length must be greater 
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than or equal to the short path length and that the data 
path length must also be less than or equal to the long 
path length. If these two criteria are met, data should 
transfer through the machine properly, barring hard 
ware problems. , 

The purpose of system path stressing is to isolate 
system errors that occur due to improper data transfer 
between clocked storage elements, i.e. timing problems, 
from hardware problems. This is accomplished by 
stressing the paths, i.e. by decreasing the long path 
design window until a long path failure occurs, or by 
increasing the minimum short path length until a short 
path failure occurs. This is done in an attempt to deter 
mine if errors are due to the timing of the clock distribu 
tion network, or whether an actual chip failure has 
occurred. 
The long and short path lengths, as de?ned in the 

above equations, have inherent penalties that cannot be 
eliminated from the machine, such as clock edge arrival 
time uncertainty and SRL delays. (In this connection, it 
should be noted that the above equations include delay 
times of the trigger and latch circuits, and such terms 
are highly dependent on the type of latch used in the 
system. Different latch types and different SRL con?g 
urations may require the use of different parameters in 
the long and short path equations.) In any event, al 
though the edge arrival time uncertainty and the SRL 
delays cannot be removed, and since the minimum set 
up and hold times of the array cannot be removed, the 
one entity in the above equations that can be changed is 
the nominal arrival time of the clock edges. The path 
lengths are directly controlled by when the clock edges 
arrive at the storage elements and, if the edges could be 
moved in time, either earlier or later, the path limits 
could be changed. Thus, implementation of path stress 
ing according to the present invention is based on 
changing the nominal arrival times of the clock edges. 
The actual implementation, as will be discussed below, 
may be simplest if the clock edges are made to arrive 
later in the cycle by adding delay in the clock path, as 
opposed to subtracting delay from the path. 

Before discussing the implementation and operation 
of the path stressing arrangement of the present inven 
tion, two terms should be de?ned. If a path limit is 
changed by moving the relative position of the clock 
edges, the path will either be “stressed” or “relieved”. 
Stressing causes the long path limit to become shorter, 
thereby decreasing the allowable propagation time 
through the combinational logic. The short path limit is 
stressed if the short path limit is made larger, thus in 
creasing the minumum propagation delay time through 
the combinational logic. Conversely, the long path is 
relieved if the long path limit is made larger, and the 
short path is relieved if the short path limit is made 
smaller. Thus, “relieving” can also be thought of as 
negative stressing. 
From the timing diagrams of FIGS. 4 and 6, it can be 

seen that the long and short paths can be stressed and 
relieved independently. For example, in the case of an 
SRL-to-SRL data transfer, if the latch clock L2 is made 
to arrive later, the long path from the trigger clock 
leading edge 32 to the latch clock trailing edge 34 will 
be increased, thus relieving the long path. However, at 
the same time, the short path length from the leading 
edge 32 of the trigger block T1 to the trailing edge 36 of 
the latch clock L2 will be increased, thereby stressing 
the short path. On the other hand, if the trigger clock 
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T1 is caused to arrive later, the long path is decreased, 
or stressed, and the short path in the same cycle is de 
creased, or relieved. Thus, if a particular path is stressed 
to test for a timing failure, the other path limit is simulta 
neously relieved so that it has no timing problems asso 
ciated with it. This mutually exclusive nature of the 
logic long and short path stressing capability is highly 
useful. 
The array data paths also exhibit this mutual exclusiv 

ity. If the trigger clock .T3 is made to arrive later, the 
long path from the trigger clock to the array write 
clock W is decreased, or stressed, and at the same time 
the short path from the trigger clock T3 to the array 
white clock W will be decreased, or relieved. If the 
array write clock arrives late, the short path between 
the sending trigger clock and the receiving write clock 
is increased, or stressed, while the long path between 
the sending trigger and the receiving write clock will be 
simultaneously increased, or relieved. 
As can be appreciated from the above discussion, a 

failure can be brought about by decreasing the long 
path length or by increasing the short path length. Also, 
timing problems can be reduced by increasing the long 
path length or decreasing the short path length. These 
operations are referred to as “path stressing”, which 
positions the sending and receiving clock edges relative 
to one another. 
One example of a system path stressing con?guration 

according to the present invention will now be de 
scribed with reference to FIGS. 8-14. 
The clock generation and distribution network is an 

integral part of any high performance machine struc 
ture. The clock system is responsible for proper data 
transfer between clocked storage elements, including 
SRLs residing on logic chips, and array, or memory, 
chips. The clock system transfers this data according to 
precisely de?ned timing relationships. If these timing 
criteria are not met, for example as described above, 
incorrect or improper data will be propagated through 
the machine. Thus, practically every logic and array 
chip in the machine will interact with the clock distribu 
tion network to some extent. 
At the system level, the clock distribution structure 

consists of a predetermined set of logic chips that com 
municate with each other through many wiring connec 
tions. These chips are responsible for the generation and 
distribution of all of the various clock types for the logic 
and array chips in the machine. The structure also inter 
faces with the users of the clocks, the logic and array 
chips in the machine and also with those components 
that provide the controlling capability to the clock 
system, eg the Processor Controller, or Console, and 
the Logic Support Station, or LSS. As illustrated in 
FIG. 8, the clock distribution network 50 includes the 
clock chips and associated wiring. The path stressing 
portion 52 is entirely contained within the clock distri 
bution network. The clock distribution network 50 
provides the clock signals to the logic and array chips, 
generally illustrated as a system network 54, through an 
interface consisting of a plurality of lines 56. It is within 
the system network 54 that the clocks transfer data 
between latches on the logic chips, and between logic 
and array chips. No data are transferred between the 
clock distribution network 50 and the system network 
54, but only clock signals are provided. 
The controlling capability of the clock distribution 

network 50, in general, and the path stressing function 
52 in particular, is through the interface with the Logic 
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Support Station (LSS) 58. The LSS controls all of the 
maintenance-related functions of the machine, including 
maintenance partitioning, fencing, and SRL initializa 
tion. The LSS sends to the path stressing portion 52, via 
the multiple-line interface 60, a set of control bits that 
the clock distribution network uses to logically control 
the path stressing operation. These control bits origi 
nate at the Processor Controller, or Console, 62, and are 
sent to the LSS via a plurality of lines 64 which then 
sends the control bits to the clock distribution network. 
The Console 62 is the operator-machine interface that 
controls the execution of path stressing. A customer 
engineer or bring-up technician can load in many types 
of operations at the console, one of which is the path 
stressing operation. The operator will then have direct 
control of the path stressing application to be executed. 
The operator, via the console 62, selects the particular 
logic subsystem to be stressed, and appropriate clock 
control sections and subsystem clocks are stopped. The 
operator then enters into the console the appropriate 
control bits to be loaded into a stress status register in 
the LSS 58, and the system clocks are then restarted. 
The machine will then run for some number of clock 
cycles with the appropriate stress implemented, and any 
logic path errors that occur are detected and reported 
to the console 62 via the LSS in a well known manner. 
FIG. 9 illustrates one example of path stressing cir 

cuitry 52 in FIG. 8. The circuitry of FIG. 9 provides 
only two output clocks, a stressed latched clock and a 
stressed trigger clock, and would therefore be useful in 
controlling the system path stressing between the SRLs 
10 and 18in FIG. 2. It should be appreciated, of course, 
that the stressed latch clock could instead be a stressed 
array write clock if the circuitry of FIG. 9 were to be 
used to stress the data paths between the SRL and the 
memory array of FIG. 5. 
As described above, it is less dif?cult to add clock 

delay than to subtract clock delay, and the simplest 
implementation would therefore be to stress the long 
path limit by adding delay to the trigger clock and to 
stress the short path limit by adding delay to the latch 
clock. The con?guration of FIG. 9 is therefore designed 
to delay only one of either the latch clock or trigger 
clock depending on which of the system paths is to be 
stressed. Fine, medium and coarse delays are available 
for each of the clocks, in addition to a normal mode of 
operation. The system path stressing control circuitry is 
accomplished using OR and NOR gates as illustrated, 
and decodes the three control bits received on lines A, 
B and C to provide a desired degree of delay to the 
appropriate clock signal. A truth table explaining the 
operation of the circuitry of FIG. 9 is illustrated in FIG. 
10, and the resulting clock signals are illustrated in 
FIGS. 11A-11D. For example, if all three control bits 
A, B and C are zero, the signal D at the output of NOR 
gate 70 will have a one value and the outputs H and I 
from NOR gates 72 and 74, respectively, will both have 
zero values. As a consequence, both of the latch and 
trigger clocks will be provided in their normal manners. 
With the control bit on line A at a zero value, only 

the short path can be stressed, i.e. only the latch clock 
can be delayed. There are four possible states, depend 
ing on the values of the control bits on lines B and C, 
with the “all zero” state resulting in normal operation 
and the other three states resulting in ?ne, medium and 
coarse delaying of the latch clock. 

If the short path is to be stressed, either of the control 
bits on lines B or C can be raised to a one value, thereby 
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causing a zero value output on line D from the NOR 
gate 70 which, in turn, causes a one value output on line 
H from the NOR gate 72, thereby disabling the normal 
latch clock signal. If a ?ne stressing is desired, both of 
the control bits on lines B and C are raised to a one 
level. This raises the signals on lines E and F to a one 
level to thereby also disable the medium and coarse 
latch clock signals. As a result, only the output of the 
?ne latch signal NOR gate 76 is enabled. The internal 
logic of the NOR gate 76 provides a delay of approxi 
mately 200 picoseconds (ps), so that the latch clock 
signal, as shown in FIG. 11B, will be slightly delayed 
with respect to the nominal latch signal showed in FIG. 
11A. 

If a medium stressing of the short path is desired, only 
the control byte on line B is raised to a 1 level. As a 
result, the signals on lines E and G will both be at a 1 
level to thereby disable the ?ne and coarse latch clock 
signals. The signal on line F will be at a 0 level to enable 
the medium latch clock signal NOR gate 78, with the 
internal logic of the NOR gate 78 being designed to 
provide a delay of approximately 500 ps as illustrated in 
FIG. 11C. 

Finally, if the coarse stressing of the short path is 
desired, only the control byte on line C is raised to a 1 
level. This will result in 1 level outputs on each of lines 
F and G to disable the medium and ?ne latch clock 
signals, respectively. As a result, only the NOR gate 80 
will be enabled. In order to provide the desired delay, 
e.g., 800 ps, the latch clock signal will ?rst be provided 
through an OR gate 82, with the combined delays of the 
gates 80 and 82 resulting in an 800 ps delay in the latch 
clock signal as is illustrated in FIG. 11D. The delays 
provided by each of the gates need not be the particular 
values described above, but could be varied as desired 
by adjusting the loading of each gate. 

If it is desired to stress the long path, i.e., by delaying 
the trigger clock signal, the control byte on line A is 
raised to a 1 value, thereby raising the signal on line H 
to a 1 level and insuring provision of the nominal latch 

‘ clock signal. To select a ?ne to medium or coarse stress 
ing of the long path, one or both of the controlled bytes 
on line B and C are raised to a 1 level and the operation 
of the trigger clock stressing logic then operates in a 
manner substantially the same as described above with 
respect to the latch clock stressing logic. 
While the stress control circuitry described with 

reference to FIGS. 9-11 will be satisfactory in selec 
tively delaying either the latch or trigger clock signals 
in a SRL-to-SRL system of FIG. 2, or may selectively 
delay either the trigger or array write signals in the data 
transfer arrangement of FIG. 5, it is sometimes neces 
sary to provide three different system clocks, for exam 
ple to test a logic con?guration such as shown in FIG. 
12 which includes a sending SRL 90, receiving SRLs 92 
and 94, a memory array 96 and combinational logic 
paths P1, P2, and P3. Long path stressing could be ac 
complished by delaying the trigger signal or by provid 
ing an early latch clock signal or an early array write 
signal. Short path stressing could be accomplished by 
providing an early trigger signal or by delaying the 
latch clock signal or the array write signal. 
For testing such a con?guration, the stress control 

circuitry 52 in FIG. 8 could be arranged as shown in 
FIG. 13. The LSS would send four control bytes over 
lines 100, 102, 104 and 106 to a decoder 108 in the stress 
control circuit 352. The decoder 108 would be a 4:16 
decoder for decoding the four bytes into 16 states. As in 
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12 
the example described above, four levels of stressing 
would be available, nominal clock operations and three 
different degrees of delay for any one of the appropriate 
clock signals. Ten states of the decoder are used to 
control the amount of stressing applied, with three 
states controlling the latch clock stressing section 110, 
three states controlling the trigger clock stressing sec 
tion 112 and three states controlling the array write 
clock stressing section 114. The tenth state, represented 
by the decoder output signal on line 116, would be 
provided to all three stressing sections 110, 112, and 114 
and would indicate that no stressing is to be employed. 
Three additional states 118 would be unused, and the 
?nal three states indicated by reference numeral 120 
would be used for testability coverage, as will be ex 
plained in more detail below. The individual stressing 
sections 110, 112, and 114 could be constructed as 
shown in more detail in FIG. 14, with each section 
receiving its appropriate clock signal input on line 122 
and providing the nominal or stressed clock signal out 
put, as desired, at line 124. In FIG. 14, the different 
degrees of stressing are designated medium, coarse and 
large, with the different stressing levels being achieved 
by serially chaining together a plurality of logic gates to 
provide a speci?ed amount of delay. The internal con 
?gurations of the OR and NOR gates are well known 
and each of the NOR gates may be constructed as 
shown for example, in FIG. 15. The operation of the 
circuitry of FIG. 15 is well known and will in any 
event, be apparent from the illustration, and in detailed 
description thereof will be omitted herein. 
The normal, or no-stressing applied, clock signal path 

59 has two levels of logic in it. The medium path 60 has 
three logic gates, with the latch gate being common to 
both paths. Thus, the medium setting will provide a 
clock signal which is delayed with respect to the normal 
signal by an amount corresponding to the delay pro 
vided by the NOR gate 126. Similarly, the coarse set 
ting will provide an additional delay due to the OR 
gates 128 and 130, and the large stressing setting will 
add the delay of 5 logic gates. Thus, if each logic gate 
provides a delay of one unit, the medium setting will 
delay the clock edge by one unit of time, the coarse 
setting will delay the clock edge by two units of time, 
and the large setting will delay the edge arrival by ?ve 
units of time. Each unit of delay may, for example, be 
approximately 0.5 ns. 
The values of these settings will obviously depend on 

the circuit technology family used, and appropriate 
delay predictions will therefore differ on a case-by-case 
basis. 

There are many applications for system path stress 
ing. Timing errors can be incrementally debugged, tim 
ing relationships between elements veri?ed, timing mar 
gins tested, system deterioration detected and intermit 
tent errors caught. The system path stressing technique 
can be applied during engineering bring-up, manufac 
turing bring-up, or in the ?eld. In the ?eld, stressing 
data paths can cause an intermittent failure to become a 
solid failure by changing the relationships of the launch 
ing and capturing clocks. This will then isolate the 
timing problem to a short or long path, whichever 
causes the failure. The path stressing can also detect 
system deterioration in terms of temperature or power 
supply drift. This drift affects the arrival times of the 
clocks, and path stressing can then be used to position 
the clocks to determine the relative closeness to the 
failure point. Finally, the machine could be run in a 



4,564,943 
13 

partially degraded mode. For instance, if a glitch is 
causing erroneous data to be transferred through the 
system, the path stressing arrangement according to the 
present invention could be adjusted to relieve the data 
transfer error, albeit at an increased cycle time and 
consequent reduced operating speed. Running at a re 
duced operating speed, however, is preferable to having 
the system fail entirely. 
During bring-up operation, all testing diagnoses as 

sume a Level Sensitive Scan Design (LSSD) type ma 
chine. One LSSD requirement calls for the latches to be 
controlled by two non-overlapping clocks. If overlap 
occurs by design or edge arrival uncertainty, the stress 
ing can “un-overlap” the clocks so that the test cases 
can run. Thus, a non-LSSD machine could be made to 
operate as an LSSD compatible machine. For a more 
detailed understanding of LSSD, reference is made 
again to the above-cited US. Pat. No. 3,783,254 to 
Eichelberger. 
The bring-up application of path stresssing is some 

what involved, since, when the power is tumed on, 
timing problems should be eliminated or at least mini 
mized so that functional testing can begin. The main 
emphasis of the bring-up operation is to make sure the 
hardware is working from a functional standpoint. 
After this has been accomplished, the hardware can be 
run at normal operating speed. There are two distinct 
bring-up operations to test for functionality: one for 
logic data paths and the other for array data paths. Each 
one deals with isolating the timing errors from other 
hardware errors, such as an array byte or logic byte 
failure. 
The bring-up procedure could be accomplished by 

?rst testing the logic data path and then the array data 
paths, or the reverse. For the purposes of the following 
discussion, the logic path errors will be treated ?rst. 
The ?rst procedure would be to increase the machine 

cycle from its normal operating speed to a bring-up 
speed. This is illustrated in FIG. 16, wherein it can be 
seen that the bring-up cycle is somewhat longer than 
the normal operating cycle, i.e., the operating speed is 
slower. The latch clock L and trigger lock T are operat 
ing at the normal machine cycle, and the latch clock L, 
and trigger clock T’ are operating at the increased 
bring-up cycle. The latch clock L’ and trigger clock T’ 
would essentially increase the long path limit, since the 
sending trigger clock remains in the same relative posi 
tion as the normal operating cycle, but the receiving 
latch is delayed in time during bring-up. This rids the 
system of any logic long path data problems. With the 
long path problems eliminated, the path stressing can be 
set up to relieve all short path errors by delaying the 
sending trigger. These two operations should eliminate 
any problems in the system due to timing. Obviously the 
bring-up cycle must be large enough such that all long 
path problems are eliminated, while also leaving room 
to relieve the short path problems. Thus, with all timing 
errors non-existent, any errors that occur must be in the 
logic. 
Once all logic errors have been eliminated, the next 

test for logic data paths again assume that there is an 
inccreased cycle, which relieves these long paths. The 
short path problems can now be addressed by delaying 
the capturing latch clock to stress the short path. Any 
errors that do exist will be attributable to increasing the 
short path length. 
The third test is to eliminate any long path errors, 

which includes two subset cases. The ?rst case will 
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assume that all short path errors have been eliminated. 
The long paths can now be stressed by running the 
machine at its normal operating cycle and stressing the 
long path by delaying the sending trigger clock. Any 
errors that exist should be attributable to the long path 
decrease. 
The second case assumes that short path errors still 

exist, e. g., in a situation where the short path limit could 
not be suf?ciently relieved to eliminate these errors. 
However, the long path can still be stressed. The ma-. 
chine can be adjusted to run at the bring-up cycle of 
FIG. 16, thereby relieving the long path. The short path 
can then be relieved by negative stress. The machine 
could then decrease its cycle in an iterative manner to 
test whether a long path limit exists. 
The test procedure to analyze array data paths is very 

similar to that described above. The ?rst step is to test 
for a properly functioning array. The machine cycle 
time is increased from the normal cycle to the bring-up 
cycle as shown in FIG. 17. In FIG. 17, the trigger clock 
T and array write clock W are operating at the normal 
machine cycle, while the trigger clock T’ and array 
write clock W’ are operating at the increased bring-up 
cycle. Operating the machine at the bring-up cycle 
relieves the short path between the sending trigger and 
the receiving array write clock, since the array write 
clock in cycle N-—l remains the same while the trigger 
clock in cycle N is delayed. The long path between the 
sending trigger and the receiving array write clock can 
then be relieved by delaying the array write clock. 
These two steps eliminate all problems due to timing 
and the bring-up cycle must be large enough to handle 
both conditions. Data can now be written into the array 
and subsequently read out. If an error exists, it is attrib 
utable to the array itself. 
The second step would be to test and eliminate any 

long path problems. Again, the machine is brought-up 
at the increased cycle time to relieve the short path. The 
long path can now be stressed by delaying the sending 
trigger clock, thereby decreasing the long path design 
length. Data can then be written into the array and read 
out, and errors that exist can be attributed to the de 
crease in the long path limit, since the array has already 
been determined to be functioning properly and short 
path problems do not exist. 
The ?nal test for array data paths is to test and elimi 

nate short path errors of which two cases exist. The ?rst 
case assumes that all long path errors have been elimi 
nated. The machine is broughtup at its normal operating 
cycle time, and the short path limit can be stressed by 
delaying the receiving array Write clock. Data can then 
be written into the array and read out and any errors 
that exist can be attributed to the increase in the short 
path length. 
The second case assumes that long path length errors 

still exist, since the hardware may not allow the long 
paths to be suf?ciently relieved. The cycle time can be 
increased to its bring-up cycle to eliminate the short 
path, and long path problems can be relieved by nega 
tive stress. Data can be written into the array and long 
path problems can then be relieved by negative stress. 
Data can be written into the array and read out, and if 
there are no errors, the cycle time can be decreased and 
data again written into and read out of the array. This 
procedure can be repeated until an error signi?es that a 
short path length has caused a problem. 
The above discussion has focused on how timing 

errors can be isolated from hardware errors through the 
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use of system path stressing. The actual procedure may 
require multiple iterations, so that different levels of 
stressing can be applied to the data path, and the point 
of failure can be identi?ed. These procedures and itera 
tions are all controlled by thd console 62. Once the 
isolation has been accomplished, appropriate methods 
can be employed to eliminate the errors. 
Some design constraints should be noted. The ?rst 

concerns the de?nition of the stress settings, i.e., the 
setting granularity since the path stressing utilizes a 
logic gate implementation, individual circuit tolerances 
due to temperature, power supply and process must be 
accounted for. When designing the stress settings, care 
must be taken to guard against the fastest coarse setting 
actually being faster than the slowest medium setting. If 
this happens, all setting resolution and error isolation is 
lost. On-chip tracking of temperature, power supply 
and process parameters aid in this design decision, but 
overlapping of the stress settings must be still be pre 
vented. 
A further design constraint concerns the question of 

DC stuck-fault coverage, or testability. Current test 
programs and fault simulators cannot distinguish the 
differences in delay of the four paths in FIG. 14. All that 
appears are a single input clock on line 122 and a single 
output clock on line 124, with three redundant paths. 
Therefore, three states from the decoder 108 have been 
designed so that the test generator can simulate stuck 
faults through those redundant paths using those specif 
ically dedicated states. 
The last consideration for the path stressing function 

is the boundaries on which it can be applied. One obvi 
ous boundary is the domain of the clocking network. 
This is de?ned as a subsystem, and within this subsys 
tem the latch, trigger, and array clocks can be con 
trolled independently by the LSS to set up the desired 
stressing function. Another higher level of application 
would be to apply the stressing to test data paths be 

. tween subsystems, since each subsystem has its own 
clock distribution network. The relative timing relation 
ship from one subsystem to another can then be tested. 
This entire function would come under the control of 
the console 62, which would include all of the required 
software to control each subsystem and to determine 
the sequence of events which must take place when the 
path stressing is applied. 
As can be easily appreciated from the above descrip 

tion, a large number of possibilities exist for timing 
discrepancies to occur at the system level. However, 
system path stressing can test for or eliminate these 
errors in engineering bring-up or in ?eld diagnostics. 
Future veri?cation testing and error diagnostics can be 
signi?cantly enhanced by the system according to the 
present invention. 

Further, it can be seen that path stressing according 
to the present invention also adds to the overall Reli 
ability, Availability, and Serviceability (RAS) of the 
machine. The RAS strategy is involved in detecting and 
isolating errors, recovering from those errors and pro 
viding a means to keep the machine running through 
on-line diagnostic programs. Path stressing according 
to the present invention aids the reliability portion of 
the RAS, since it can determine the design margin to 
failure of a particular data path, and can position the 
clock away from that margin. The availability of that 
aspect is ‘also enhanced because the path stressing can 
relieve a problem, albeit at a slower cycle time until a 
?eld engineer can replace the failing part. Serviceability 
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is also enhanced, since the path stressing is controlled 
directly through the console, and the ?eld engineer 
does not have to go inside the machine to run any diag 
nostic programs. Thus, the use of'path stressing indi 
cates that a signi?cant advantage is gained in RAS at a 
small price to the hardware of the machine. 
We claim: 
1. In a data processing system having at least a ?rst 

device providing output data to a data path in response 
to a ?rst clock signal, and a second device storing input 
data from said dath path in response to a second clock 
signal, a system clock control apparatus for providing 
said ?rst and second clock signals to said ?rst and sec 
ond devices, said system clock control apparatus com 
prising path stressing means for varying the timing 
relationships between said ?rst and second clock sig 
nals, said path stressing means comprising delay means 
for selectively delaying either one of said ?rst and sec 
ond clock signals with respect to the other. 

2. A system clock control apparatus as de?ned in 
claim 1, wherein said path stressing means comprises 
control means for generating a control signal represent 
ing which of said ?rst and second signals is said one 
signal and the amount of a desired delay, said delay 
means receiving said control signal and delaying said 
one signal by said desired delay amount. 

3. A system clock control apparatus as de?ned in 
claim 2, wherein said ?rst and second devices each 
comprise a shift register latch. 

4. A system clock control apparatus as de?ned in 
claim 2, wherein said ?rst device comprises a shift regis 
ter latch and said second device comprises a memory 
array. 

5. A system clock control apparatus as de?ned in 
claim 2, wherein said delay means comprises: a decoder 
for receiving said control signal and decoding said con 
trol signal into a decoder output, and ?rst and second 
clock signal stressing means coupled to said decoder 
output and delaying their respective clock signals by 
amounts in accordance with said decoder output. 

6. A system clock control apparatus as de?ned in 
claim 2, wherein said delay means comprises a ?rst 
plurality of clock signal paths having inputs commonly 
connected to said ?rst clock signal, and providing a ?rst 
common output, each of said ?rst plurality of clock 
signal paths delaying said ?rst clock signal by a different 
amount, a second plurality of clock signal paths having 
inputs commonly receiving said second clock signal and 
providing a second common output, each of said second 
plurality of clock signal paths delaying said second 
clock signal by a different amount, and means for selec 
tively enabling one of said ?rst and second pluralities of 
clock signal paths in accordance with said decoder 
output. 

7. In a data processing system of the type having at 
least a ?rst device providing a data output to a data path 
in response to a ?rst clock signal and a second device 
for storing input data from said data path in response to 
a second clock signal, a method of stressing said data 
path, said method comprising the steps of: 

decreasing the time interval between said ?rst clock 
signal and said second clock signal, to thereby 
decrease the long path limit of said data path, 
whereby the long path limit is the maximum allow 
able propagation time over said data path between 
said ?rst and second devices; and 

increasing the time interval between said ?rst and 
second clock signals, to thereby increase the short 
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path limit of said data path, where the short path 
limit is the minimum allowable propagation time 
over said data path between said ?rst and second 
devices. 

‘8. A method as de?ned in claim 7, wherein said de 
creasing step comprises delaying said ?rst clock signal. 

‘9. A method as de?ned in claim 8, further comprising 
the step of monitoring errors in the data stored in said 
second device to determine the minimum acceptable 
time interval between said ?rst and second clock sig 
nals. 

10. A method as de?ned in claim 7, wherein said 
increasing step comprises the step of delaying said sec 
ond clock signal. 

Ill. A method as de?ned in claim 10, further compris 
ing the step of monitoring errors in the data stored in 
:said second device to determine the maximum accept 
able time interval between said ?rst and second clock 
signals. 

12. A method of testing a data processing system, said 
system being of the type having at least a ?rst device 
providing a data output to a data path in response to a 
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18 
?rst clock signal and a second device for storing input 
data from said data path in response to a second clock 
signal, and means for providing said ?rst and second 
clock signals to operate said system with a normal oper 
ating cycle, said method comprising the steps of: 

providing ?rst and second clock signals with a cycle 
time longer than said normal operating cycle; 

stressing said data path in a ?rst direction by delaying 
one of said ?rst and second clock signals with re 
spect to the other of said ?rst and second clock 
signals; 

stressing said data path in a second direction by de 
laying the other of said ?rst and second clock sig 
nals with respect to said one of said ?rst and second 
clock signals; and - 

thereafter providing said ?rst and second clock sig 
nals to operate said system with said normal operat 
ing cycle. \ 

13. A method of testing as de?ned in claim 12, 
wherein said one of said ?rst and second clock signals is 
said ?rst clock signal. 
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